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Background. Sub-Saharan Africa is the continent with the highest prevalence of Hepatitis C virus (HCV) infection. Genotype 2
HCV is thought to have originated from West Africa several hundred years ago. Mechanisms of transmission remain poorly
understood. Methodology/Principal Findings. To delineate mechanisms for HCV transmission in West Africa, we conducted
a cross-sectional survey of individuals aged $50 years in Bissau, Guinea-Bissau. Dried blood spots were obtained for HCV
serology and PCR amplification. Prevalence of HCV was 4.4% (47/1066) among women and 5.0% (27/544) among men. In
multivariate analysis, the independent risk factors for HCV infection were age (baseline: 50–59 y; 60–69 y, adjusted odds ratio
[AOR]: 1.67, 95% CI: 0.91–3.06; $70 y, AOR: 3.47, 95% CI: 1.89–6.39), belonging to the Papel, Mancanha, Balanta or Mandjako
ethnic groups (AOR: 2.45, 95% CI:1.32–4.53), originating from the Biombo, Cacheu or Oio regions north of Bissau (AOR: 4.16,
95% CI: 1.18–14.73) and having bought or sold sexual services (AOR: 3.60, 95% CI: 1.88–6.89). Of 57 isolates that could be
genotyped, 56 were genotype 2. Conclusions. Our results suggest that transmission of HCV genotype 2 in West Africa occurs
through sexual intercourse. In specific locations and subpopulations, medical interventions may have amplified transmission
parenterally.
Citation: Plamondon M, Labbe ´ A, Frost E, Deslandes S, Alves AC, et al (2007) Hepatitis C Virus Infection in Guinea-Bissau: A Sexually Transmitted
Genotype 2 with Parenteral Amplification?. PLoS ONE 2(4): e372. doi:10.1371/journal.pone.0000372
INTRODUCTION
Molecular analyses of Hepatitis C virus (HCV) revealed that the
onset and location of their emergence, and patterns of subsequent
transmission, varied between the six viral genotypes [1,2].
Genotype 6, the most ancient, emerged <700 years ago in Asia,
while genotype 4 did so <300 years ago in Africa or the Middle
East [1]. Genotype 1b emerged between 1880–1920 in the United
States, Brazil and Asia and its dissemination, associated with
transfusions and hemodialysis, is slowing down [2]. Genotype 1a
emerged in the United States and Brazil <1940–50 with rapid
exponential growth; its transmission being strongly linked to
injection drug use, it continues to expand [1,2]. In contrast with
Central Africa, genotype 2 displays a high diversity in West Africa,
from where it presumably originated [3–9].
Sub-Saharan Africa is the continent with the highest HCV
prevalence, 6.0% of adults being HCV-positive in Central Africa,
2.4% in West Africa and 1.6% in Southern/East Africa [10]. It is
assumed that unsafe injections, transfusions and other medical or
traditional practices explain most of HCV transmission [10], by
analogy with Egypt where a massive genotype 4 epidemic resulted
from nationwide campaigns using intravenous drugs for the
control of schistosomiasis [11,12]. However, this preponderance of
iatrogenic transmission remains unproven in a continent where,
apart from patients with sickle cell anemia [6], few receive multiple
transfusions, and where HCV is rare among children [10],
recipients of multiple injections. Furthermore, HCV transmission
through occupational parenteral exposure is relatively ineffective
(<0.5%), except from a hollow needle placed in the vein or artery
of a viremic source patient [13,14]. HCV heterosexual and
perinatal transmission is uncommon in developed countries [15–
17], but modes of transmission might vary according to viral
genotypes and genetic background of populations. There is little
information concerning sexual transmission of HCV in sub-
Saharan Africa, where most studies merely presented prevalence
[10]. We sought to identify risk factors for HCV infection as part
of a study of the epidemiology of HIV-2 among individuals aged
$50 years living in Bissau, the capital city of Guinea-Bissau [18].
METHODS
Data collection
The study had been ethically approved by the Guinea-Bissau
ministry of health and the institutional review board of the Centre
Hospitalier Universitaire de Sherbrooke. Inclusion criteria were
age $50 years and willingness to give consent. Exclusion criteria
were the presence of dementia or inability to speak one of the
several languages spoken by the interviewers. Participants were
recruited from the following areas of Bissau: Pluba, Antula, Santa
Luzia, Reno, Cupelom, Luanda, Penha, Pefine, Calequir, Bairro
Militar, Amedalai and Rossio. From January to March 2005,
compounds were visited one by one to identify individuals aged
$50 years, who were then asked to participate. If a verbal consent
was obtained, a questionnaire was administered in a private
setting, generally by an interviewer of the same sex as the
respondent. Data were gathered on socio-demographic character-
istics, past medical histories, and a limited number of questions on
sexual behavior. For participants unable to provide their exact age,
this was estimated based on historical events widely known in the
country. A finger prick was performed and capillary blood
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questionnaires and filter papers, identified only by a study number.
Serological assays
Blood samples were blotted onto two Whatman no. 3 filter papers,
and allowed to air dry. Samples were stored in plastic zip-closure
bags at 4uC for 1–2 months and transported to Canada for testing.
All samples were screened for HCV antibodies using Detect-HCV
v.3 (Adaltis, Montreal, Canada). A 6 mm dried blood spot (DBS)
was punched and placed into 250 ml of the specimen diluent
provided with the test kit, in a 96-well plate. The plate was
incubated on a shaking platform at room temperature for
30 minutes, and then overnight at 4uC. The eluted sample
(200 ml) was used to perform all other steps according to the
manufacturer’s instructions. Non-reactive samples were consid-
ered HCV-seronegative while reactive samples were further tested
with both Ortho HCV 3.0 ELISA Test (Ortho-Clinical Diag-
nostics, Raritan, New Jersey) and Monolisa Anti-HCV Plus
Version 2 (Bio-Rad, Marnes-la-Coquette, France). For each test
kit, two 6 mm DBS were eluted in respectively 250 ml and 175 ml
of the provided specimen diluent (with the same incubation
protocol as for Detect-HCV). For Ortho, 170 ml of eluted sample
was added to in each reaction well containing 50 ml of specimen
diluant, while for Monolisa, 100 ml of eluted sample was used,
without adding more specimen diluent. Dually non-reactive
samples (Detect-HCV+/Ortho-/Monolisa-) were considered
HCV-negative. Repeatedly reactive samples (with all three ELISA
tests) were considered HCV positive, while discordant results
samples were further tested by INNO-LIA HCV Score (Innoge-
netics, Ghent, Belgium), using 1 ml of eluted sample (obtained
from two 6mm DBS in 1.2 ml of INNO-LIA sample diluent), and
the result of the INNO-LIA was considered as definitive. HIV
serology was performed using Detect-HIV (Adaltis) as the initial
test, followed by Genie II HIV-1/HIV-2 (Bio-Rad) and INNO-
LIA HIV I/II Score (Innogenetics) as previously described [18].
Genotyping
For genotyping, PCR amplification of the samples considered to
be HCV seropositive was attempted using the NS5B region. RNA
was extracted from 8 circles of 3 mm punched from DBS in 400 ml
of Trizol containing 60 ng of polyA (Invitrogen, Burlington, On,
Canada) and re-suspended in 30 ml of RNase free water. Reverse
transcription and an external amplification cycle were performed
with 5 ml of RNA extract and primers EF101F TTCTCGTAT-
GATACCCGCTGYTTTGA and HCVNS5Rnb TACCTGGT-
CATAGCCTCCGTGAAGGCTC in a final volume of 20 mlC .
therm. Polymerase for One-Step RT-PCR System (Roche, Laval,
Qc, Canada) for 30 min at 60uC; 2 min at 94uC; then 40 cycles of
94uC for 15 sec, 50uC for 45 sec and 72uC for 1 min or 6 min in
the last cycle. One ml of the RT-PCR product was amplified in
nested PCR under the same amplification conditions using
primers HCVNS5F2p (TATGATACCCGCTGCTTTGACTC,-
G/I,AC), HCVNS5R2c (CTGGTCATAGCCTCCGTGAAGG-
CTCTCAGG) and HCVNS5R2d (CTGGTCATAGCCTCCG-
TGAAGGCTCGTAGG). Amplification was monitored by aga-
rose gel electrophoresis. Amplicons were sequenced using the
Figure 1. Map of Guinea-Bissau.
doi:10.1371/journal.pone.0000372.g001
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Canada). Each sequence was analyzed by HCV-BLAST (http://
hcv.lanl.gov/content/hcv-db/BASIC_BLAST/basic_blast.html)
to define the HCV genotype by the closest matching sequences.
Samples were also tested for the 59 non-coding region of HCV
using the Amplicor Hepatitis C Virus Test, version 2.0 (Roche)
after extracting RNA from two 3 mm DBS using the Charge
Switch total RNA kit (Invitrogen, Burlington, On, Canada) and
eluting the RNA in 75 ml of elution buffer.
Statistical analysis
Data were analyzed with Stata 8.0. Proportions were compared
with the x
2 test, or Fisher’s exact test when an expected cell
number was less than five. Variables significantly associated with
HCV in univariate analysis were tested in logistic regression
models built up sequentially, starting with the variable most
strongly associated with the outcome and continuing until no other
variable reached significance. When the final model was reached,
each variable was dropped in turn to assess its effect by the
likelihood ratio test. We kept in the final model variables that
significantly enhanced the fit at the p,0.05 level.
RESULTS
Out of 1615 specimens tested, five were considered indeterminate
and will not be considered further. Prevalence of HCV infection
was 5.1% (69/1347) among the HIV-seronegative participants,
2.5% (5/204) among those infected with HIV-2 and 0% (0/48)
among those infected with HIV-1 (p=0.07).
In Table 1 are shown risk factors for HCV infection amongst all
participants (n=1610). HCV prevalence was 4.4% among women
and 5.0% among men (p=0.76). HCV prevalence increased with
age, but did not vary according to marital status. HCV prevalence
varied significantly according to ethnic groups, which could be
dichotomized into high-risk (Papel, Mancanha, Balanta and
Mandjako) and low-risk (all others) groups. HCV prevalence also
varied according to region of origin, being lowest in participants
from Bafata and Gabu, in the eastern part of the country, and
highest among those from the regions of Biombo, Cacheu and
Oio, north of Bissau (map). Within these regions, HCV was much
more prevalent (24/155 [15.5%] in women, 7/80 [8.8%] in men,
31/235 [13.2%] overall) among individuals who were born and
grew up in a small area around Bula, Enchiea and Binar (map)
compared to other participants (19/468 [4.1%], p,0.001). HCV
prevalence was significantly higher among participants involved in
sex work. Most of this association reflected a higher HCV pre-
valence among men who admitted having ever paid for sexual
services (12/118 [10.2%]) compared to those who did not (15/423
[3.5%], p=0.005); among women, 2/10 (20%) who admitted
having sold sexual services were HCV-infected compared to 44/
1050 (4.2%) among those who denied such behavior (p=0.03).
Among women, HCV prevalence was 1.8% (9/503) in those who
had been excised, compared to 6.8% (38/561) among those who
did not undergo excision of the clitoris (p,0.001). Only 19 men
were uncircumcised, none of whom were HCV-infected, while
27/523 (5.2%) circumcised men were HCV seropositive (p=0.62).
HCV prevalence was not higher in participants who reported
having had traditional scarifications, having been transfused,
having been treated for trypanosomiasis or tuberculosis or having
received injections of pentamidine for the chemoprophylaxis of
trypanosomiasis.
In multivariate logistic regression analysis (table 2), the
independent risk factors for HCV infection were older age, ethnic
group, region of origin and having been involved in sex work. No
Table 1. Risk factors for Hepatitis C Virus (HCV) infection in
univariate analyses.
......................................................................
HCV positive/
Total (%)
Odds ratio
(95% CI)
Sex
Male 27/544 (5.0) 1.00
Female 47/1066 (4.4) 0.88 (0.54–1.43)
Age
50–59 20/726 (2.8) 1.00
60–69 27/526 (5.1) 1.91 (1.06–3.44)
b
$70 27/358 (7.5) 2.88 (1.59–5.21)
a
Marital status
Married 40/961 (4.2) 1.00
Divorced/Single 7/101 (6.9) 1.71 (0.75–3.93)
Widowed 27/547 (4.9) 1.20 (0.73–1.97)
Ethnic group
Others 7/338 (2.1) 1.00
Mandinka 6/282 (2.1) 1.03 (0.34–3.09)
Fula 5/209 (2.4) 1.16 (0.36–3.70)
Papel 13/206 (6.3) 3.19 (1.25–8.12)
b
Mancanha 9/134 (6.7) 3.40 (1.24–9.34)
b
Balanta 31/396 (7.8) 4.02 (1.74–9.24)
a
Mandjako 3/44 (6.8) 3.46 (0.86–13.90)
Region of origin
Bafata-Gabu 4/243 (1.6) 1.00
Biombo-Cacheu-Oio 50/703 (7.1) 4.58 (1.63–12.80)
b
Quinara-Tombali-Bolama 9/350 (2.6) 1.58 (0.48–5.18)
Bissau 11/286 (3.8) 2.39 (0.75–7.60)
Outside Guinea-Bissau 0/28 (0) 0.00
Ever bought/sold sex
No 59/1472 (4.0) 1.00
Yes 14/128 (10.9) 2.94 (1.59–5.43)
Ever had genital ulcer
No 71/1565 (4.5) 1.00
Yes 2/36 (5.6) 1.24 (0.29–5.25)
Ever lived or traveled outside Guinea-Bissau
No 44/849 (5.2) 1.00
Yes 29/751 (3.9) 0.74 (0.45–1.19)
Pentamidine prophylaxis for trypanosomiasis
None 47/1136 (4.1) 1.00
1–4 injections 23/400 (5.8) 1.41 (0.85–2.36)
$5 injections 2/65 (3.1) 0.74 (0.17–3.10)
Ever received treatment for trypanosomiasis
No 70/1503 (4.7) 1.00
Yes 4/105 (3.8) 0.81 (0.29–2.27)
Ever received injections for treatment of tuberculosis
No 70/1544 (4.5) 1.00
Yes 4/63 (6.4) 1.43 (0.50–4.04)
Ever received blood transfusions
No 65/1419 (4.6) 1.00
Yes 9/187 (4.8) 1.05 (0.52–2.15)
Ever had traditional scarifications
No 47/1111 (4.2) 1.00
Yes 27/497 (5.4) 1.30 (0.80–2.11)
Vaccination scar
No 26/369 (7.1) 1.00
Yes 48/1228 (3.9) 0.54 (0.32–0.88)
a
ap#0.001
bp#0.05
NOTE. Odds ratios and their 95% confidence intervals (CI) were calculated with
Stata 8.0.
doi:10.1371/journal.pone.0000372.t001
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PLoS ONE | www.plosone.org 3 April 2007 | Issue 4 | e372interaction was found between these variables. None of the
parenteral exposures that we measured was associated with HCV
infection when analysis was restricted to individuals originating
from high-prevalence regions (data not shown). Among women,
excision became non-significant after adjustment for ethnicity.
Using the 59 non-coding region, 65 of 70 (93%) HCV-
seropositive samples were PCR positive (there was insufficient
sample for the other 4 HCV seropositives). All 25 men were PCR-
positive compared to 89% (40/45) of women (p=0.15). Viremia
was detected in 89% (16/18), 92% (24/26) and 96% (25/26) of
individuals aged respectively 50–59 y, 60–69 y and $70 y
(p=0.65). As the 59 non-coding region is short and highly
conserved, we used amplification of the NS5B region for geno-
typing. Amplification was successful in 57 samples, 56 of which
belonged to genotype 2. The only participant infected with
genotype 1 had lived for 4 years in Senegal and Mauritania.
DISCUSSION
Genotype 2 infected almost all viremic HCV seropositive
individuals aged $50 years living in Bissau, Guinea-Bissau. This
preponderance of genotype 2 was higher than the 59% reported in
Guinea, Benin and Burkina Faso [6] and similar to the 87% found
in Ghana [7]. In a smaller study in Guinea Conakry, all seven
HCV isolates that were characterized belonged to genotype 2 [8].
Several studies revealed a high diversity of genotype 2 in West
Africa, indicating an ancient origin [6–9]. In Martinique, where
three fourths of slaves sent in the 17
th–18
th century came from
West Africa, there is a high diversity of genotype 2 suggesting that
it was already present in the Bight of Benin and Gold Coast at the
height of the slave trade, in contrast to genotype 4, recently
introduced into this Caribbean island by intravenous drug users
[19,20]. Among HCV-infected patients in Brazil, genotype 2 is
more prevalent in Maranha ˜o, the main destination for slaves
exported out of Portuguese Guinea in the 18
th century [20,21].
Such molecular, epidemiological and historical evidence suggests
that genotype 2 HCV has been present in West Africa for a few
centuries, antedating the development of modern medicine and its
potential for parenteral transmission, and implying that another
mode of transmission was involved.
Our results suggest that sexual transmission played a role in the
dynamics of genotype 2 HCV infection in Guinea-Bissau amongst
a generation born before 1955. In Bissau, HCV was more
prevalent in individuals involved in transactional sex. Among
women, this was based on a very small number of participants.
Among men, for whom it may be more socially acceptable to
admit having paid for the services of sex workers, the association
with prostitution was more robust. In Kinshasa, HCV prevalence
was higher in sex workers than pregnant women, but only in those
aged .30 years [22]. Among sex workers, prevalence increased
with age (21% in the .40 years age group) and duration of
prostitution. HCV seropositivity was also associated with a prior
transfusion and a positive syphilis serology, suggesting a combina-
tion of parenteral and heterosexual transmission [22]. A HCV
prevalence higher in sex workers than in the general female adult
population was also documented in Niger and Ethiopia [23,24]. In
a nationwide survey in the United States, having had more than
20 life time sexual partners was an independent risk factor for
HCV [25]. In Italy, incidence of genotype 1 HCV infection
among sexual partners of infected individuals varied between 0 and
1.2% per year [26–27]. However, for sexual transmission to
explain the persistence of HCV in Africa before the introduction
of medical technologies in the 20
th century, one has to postulate
a transmission efficacy to HCV-seronegative sexual partners
substantially higher than 1% per year, otherwise the basic
reproductive number (R0) would be much lower than unity.
Sexually transmitted infections, especially those causing genital
ulcerations, may enhance the efficacy of HCV transmission
[22,28]. Studies of heterosexual transmission were done in
countries where genotype 2 is uncommon; the efficacy of sexual
transmission may vary between genotypes or according to
genetically determined factors of susceptibility.
HCV infection varied substantially between ethnic groups
which could be clustered into low-prevalence and high-prevalence
categories, with a 3-fold variation in prevalence. We speculate that
this might relate to HCV transmission within relatively compart-
mentalized sexual networks. Even in a multiethnic city like Bissau,
individuals (or their families) tend to select spouses within their
own ethnic group. The Fulas and Mandinkas (low HCV
prevalence) are predominantly Muslims, while the others are
mostly animists. The Papels, Mancanhas and Mandjakos are close
to each other linguistically and culturally.
Within the same population, which we had targeted to study
risk factors that contributed to the build-up of the HIV-2 epidemic
decades ago, HIV-2 infection was associated with past treatment
for African trypanosomiasis or tuberculosis or having undergone
ritual clitoridectomy, but not with transactional sex or sexually
transmitted infections, suggesting that most of the HIV-2 trans-
mission had been parenteral [18]. This may explain why HCV
and HIV-2 infections were not associated.
Why was HCV prevalence, even after adjustment for ethnicity
and other independent risk factors, substantially higher in
individuals originating from the Biombo, Cacheu and Oio regions
remains unclear. Although this must be interpreted with caution
given that this subgroup was defined post-hoc, the very high
prevalence among individuals from Bula, Encheia and Binar, three
cities located within 25 km of each other, suggest that transmission
occurred locally through some medical or ritual intervention,
probably in the late 1940s or in the 1950s, given dates of birth and
Table 2. Risk factors for Hepatitis C Virus (HCV) infection in
multivariate analysis.
......................................................................
Adjusted odds ratio (95% CI)
Age
50–59 1.00
60–69 1.67 (0.91–3.06)
$70 3.47 (1.89–6.39)
a
Ethnic group
Mandinka, Fula or others 1.00
Papel, Mancanha, Balanta or Mandjako 2.45 (1.32–4.53)
b
Region of origin
Bafata-Gabu 1.00
Biombo-Cacheu-Oio 4.16 (1.18–14.73)
b
Quinara-Tombali-Bolama 1.77 (0.46–6.76)
Bissau 1.95 (0.51–7.54)
Outside Guinea-Bissau 0.00
Ever bought/sold sex
No 1.00
Yes 3.60 (1.88–6.89)
a
ap#0.001
bp#0.05
NOTE. Adjusted odds ratios and their 95% confidence intervals (CI) were
calculated with Stata 8.0.
doi:10.1371/journal.pone.0000372.t002
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PLoS ONE | www.plosone.org 4 April 2007 | Issue 4 | e372of migration to Bissau. This procedure was not excision: only 9%
of women from Bula-Encheia-Binar were excised, and stratified
analyses showed a much higher prevalence of HCV in those from
Bula-Encheia-Binar regardless of excision status. Furthermore,
men from that region were also more likely to be HCV positive.
We found no association between HCV infection and having been
treated for trypanosomiasis or tuberculosis (which required
multiple injections), past transfusions, vaccinations, injections of
pentamidine to prevent trypanosomiasis, or traditional scarifica-
tions. We then reviewed extensively the Portuguese colonial
literature to look for other potential modes of parenteral
transmission. Parenteral drugs were not used on a large scale for
the treatment of schistosomiasis, a minor problem in the country
[29]. Campaigns were organized to control yaws, but most
individuals received a single intramuscular injection of long-acting
penicillin [30]. Injectable contraceptives, associated with HCV in
Tanzania, were probably little used in this elderly population [31].
However, we belatedly found out about another medical in-
tervention which might have facilitated the transmission of blood-
borne viruses and deserves to be investigated in future studies.
When drugs active against Mycobacterium leprae became available
(<1955), mass treatment of leprosy patients was organized.
Leprosy is not fatal and untreated cases had been accumulating
for decades, so that between 1956 and 1962 treatment was
initiated in 18512 leprosy patients (10113 females), <4% of the
whole population of Portuguese Guinea [32]. In some regions,
including the Bula area, leprosy patients were treated with an
injectable long-acting sulfone (HygrathioneH), given intramuscu-
larly every 2 weeks by mobile teams to patients queuing on the
side of the road, during a few years for cases of tuberculoid leprosy
and indefinitely for those with lepromatous leprosy [33]. This
regimen, used in other countries, may explain the high prevalence
of HCV among leprosy patients in Congo, Ivory Coast, Ethiopia,
Yemen, Japan and Brazil [34–37].
Unfortunately, we had collected no information on exposure to
anti-leprosy drugs. Other study limitations included the anony-
mous approach, which precluded linking spouses for potential
HCV concordance. We sampled only individuals aged $50 y, and
could not evaluate whether there might have been a cohort effect.
In conclusion, in Guinea-Bissau, genotype 2 HCV has probably
been transmitted sexually for at least a few hundred years, and
may have been more recently amplified by parenteral transmission
in some specific subpopulations with the development of public
health interventions. Future research should investigate the role of
leprosy treatment in the parenteral transmission of HCV, as well
as sexual transmission of genotype 2 HCV within couples.
ACKNOWLEDGMENTS
We are indebted to Dr Inacio Alvarenga (World Health Organization,
Bissau) and Dr Francisco Dias (Ministe ´rio da Saude Publica, Bissau) for
their assistance, and to our field workers Arlinda Alvarenga, Mari Ture ´,
Isis Ferreira, Ina `cio L. Vieira, Cidia Camara ` and Maria Domingos, for
data collection.
Author Contributions
Conceived and designed the experiments: JP MP AL. Performed the
experiments: MP AA. Analyzed the data: JP MP AL. Contributed
reagents/materials/analysis tools: AL EF SD NB. Wrote the paper: JP MP
AL EF SD NB AA.
REFERENCES
1. Pybus OG, Charleston MA, Gupta S, Rambaut A, Holmes EC, et al. (2001) The
epidemic behaviour of the Hepatitis C virus. Science 292: 2323–2325.
2. Nakano T, Lu L, Liu P, Pybus OG (2004) Viral gene sequences reveal the
variable history of Hepatitis C infection among countries. J Infect Dis 190:
1098–1108.
3. Pasquier C, Njouom R, Ayouba A, Dubois M, Sartre MT, et al. (2005)
Distribution and heterogeneity of Hepatitis C genotypes in hepatitis patients in
Cameroon. J Med Virol 77: 390–398.
4. Ndjomou J, Pybus OG, Matz B (2003) Phylogenetic analysis of Hepatitis C virus
isolates indicates a unique pattern of endemic infection in Cameroon. J Gen
Virol 84: 2333–2341.
5. Fretz C, Jeannel D, Stuyver L, Herve ´ V, Lunel F, et al. (1995) HCV infection in
a rural population of the Central African Republic (CAR): evidence for three
additional subtypes of genotype 4. J Med Virol 47: 435–437.
6. Jeannel D, Fretz C, Traore Y, Kohdjo N, Bigot A, et al. (1998) Evidence for high
genetic diversity and long-term endemicity of Hepatitis C virus genotypes 1 and
2 in West Africa. J Med Virol 55: 92–97.
7. Candotti D, Temple J, Sarkodie F, Allain JP (2003) Frequent recovery and broad
genotype 2 diversity characterize Hepatitis C virus infection in Ghana, West
Africa. J Virol 77: 7914–7923.
8. Ruggieri A, Argentini C, Kouruma F, Chionne P, D’Ugo E, et al. (1996)
Heterogeneity of Hepatitis C virus genotype 2 variants in West Central Africa
(Guinea Conakry). J Gen Virol 77: 2073–2076.
9. Simmonds P (2004) Genetic diversity and evolution of Hepatitis C virus–
15 years on. J Gen Virol 85: 3173–3188.
10. Madhava V, Burgess C, Drucker E (2002) Epidemiology of chronic Hepatitis C
virus infection in sub-Saharan Africa. Lancet Infect Dis 2: 293–302.
11. Ray SC, Arthur RR, Carella A, Bukh J, Thomas DL (2000) Genetic
epidemiology of Hepatitis C virus throughout Egypt. J Infect Dis 182: 698–707.
12. Frank C, Mohamed MK, Strickland GT, Lavanchy D, Arthur RR, et al. (2000)
The role of parenteral antischistosomal therapy in the spread of Hepatitis C
virus in Egypt. Lancet 355: 887–891.
13. Yazdanpanah Y, De Carli G, Migueres B, Lot F, Campins M, et al. (2005) Risk
factors for Hepatitis C virus transmission to health care workers after occupational
exposure: a European case-control study. Clin Infect Dis 41: 1423–1430.
14. Jagger J, Puro V, De Carli G (2002) Occupational transmission of Hepatitis C
virus. JAMA 288: 1469–1470.
15. Mast EE, Hwang LY, Seto DSY, Nolte FS, Nainan OV, et al. (2005) Risk factors
for perinatal transmission of Hepatitis C virus (HCV) and the natural history of
HCV infection acquired in infancy. J Infect Dis 192: 1880–1889.
16. European Pediatric Hepatitis C Virus Network (2005) A significant sex–but not
elective caesarean section–effect on mother to child transmission of Hepatitis C
virus infection. J Infect Dis 192: 1872–1879.
17. Memon MI, Memon MA (2002) Hepatitis C: an epidemiological review. J Viral
Hepatitis 9: 84–100.
18. Pe ´pin J, Plamondon M, Alves AC, Beaudet M, Labbe ´ AC (2006) Parenteral
transmission during excision and treatment of tuberculosis and trypanosomiasis
may be responsible for the HIV-2 epidemic in Guinea-Bissau. AIDS 20:
1303–1311.
19. Martial J, Morice Y, Abel S, Cabie ´ A, Rat C, et al. (2004) Hepatitis C virus
(HCV) genotypes in the Caribbean island of Martinique: evidence for a large
radiation of HCV-2 and for a recent introduction from Europe of HCV-4. J Clin
Microbiol 42: 784–791.
20. Eltis D, Behrendt SD, Richardson D, Klein HS (1999) The trans-atlantic slave
trade. A database on CD-Rom. Cambridge: Cambridge University Press.
21. Campiotto S, Pinho JR, Carrilho FJ, Da Silva LC, Souto FJD, et al. (2005)
Geographic distribution of Hepatitis C virus genotypes in Brazil. Braz J Med
Biol Res 38: 41–49.
22. Laurent C, Henzel D, Mulanga-Kabeya C, Maertens G, Larouze ´ B, et al. (2001)
Seroepidemiological survey of Hepatitis C virus among commercial sex workers
and pregnant women in Kinshasa, Democratic Republic of Congo.
Int J Epidemiol 30: 872–877.
23. Develoux M, Meynard D, Dupont A, Delaporte E (1994) Hepatitis C virus
antibodies in prostitutes in Niger. Trans R Soc Trop Med Hyg 88: 536.
24. Ayele W, Nokes DJ, Abebe A, Messele T, Dejene A, et al. (2002) Higher
prevalence of anti-HCV antibodies among HIV-positive compared to HIV-
negative inhabitants of Addis Ababa, Ethiopia. J Med Virol 68: 12–17.
25. Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, et al.
(2006) The prevalence of Hepatitis C virus infection in the United States, 1999
through 2002. Ann Intern Med 144: 705–714.
26. Piazza M, Sagliocca L, Tosone G, Guadagnino V, Stazi MA, et al. (1997) Sexual
transmission of the Hepatitis C virus and efficacy of prophylaxis with
intramuscular immune serum globulin: a randomized controlled trial. Arch
Intern Med 157: 1537–1544.
27. VandelliC,RenzoF,RomanoL,TisminetzkyS,De PalmaM,etal. (2004)Lackof
evidence ofsexualtransmission ofHepatitis C amongmonogamouscouples:results
of a 10-year prospective follow-up study. Am J Gastroenterol 99: 855–859.
28. Shev S, Widell A, Bergstrom T, Hermodsson S, Lindholm A, et al. (1995)
Herpes simplex virus-2 may increase susceptibility of the sexual transmission of
Hepatitis C. Sex Transm Dis 22: 210–216.
HCV in Guinea-Bissau
PLoS ONE | www.plosone.org 5 April 2007 | Issue 4 | e37229. Da Costa FMC (1960) La bilharziose en Guine ´e Portugaise. Boletim Cultural da
Guine ´ Portuguesa 15: 521–527.
30. Pinto AR (1960) Relato ´rio anual da missa ˜o permanente de estudo e combate da
doenc ¸a do sono e outras endemias na Guine ´ portuguesa (1958). Anais Inst Med
Trop 17: 817–905.
31. Stark K, Poggensee G, Hohne M, Bienzle U, Kiwelu I, et al. (2000)
Seroepidemiology of TT virus, GBC-C/HGV, and hepatitis viruses B, C, and
E among women in a rural area of Tanzania. J Med Virology 62: 524–530.
32. de Oliveira Lecuona M (1966) Luta contra a lepra na Guine ´. Boletim Cultural
da Guine ´ Portuguesa 21: 45–66.
33. Pinto AR, Coutinho da Costa F (1959) La lutte contre la le `pre en Guine ´e
portugaise. Boletim Cultural da Guine ´ Portuguesa 14: 603–632.
34. Denis F, Aussel L, Ranger S, Martin P, Itoua-N’Gaporo A, et al. (1994)
Prevalence of antibodies to Hepatitis C virus among patient with leprosy in
several African countries and the Yemen. J Med Virol 43: 1–4.
35. Egawa K, Yukawa T, Arakawa S, Tanaka T, Tsuda F, et al. (1996) Hepatitis C
virus antibody, viral RNA and genotypes in leprous patients in Japan. J Hepatol
24: 397–402.
36. Frommel D, Tekle-Haimanot R, Berhe N, Aussel L, Verdier M, et al. (1993) A
survey of antibodies to Hepatitis C virus in Ethiopia. Am J Trop Med Hyg 49:
435–439.
37. de Moraes Braga AC, Reason IJ, Maluf EC, Vieira ER (2006) Leprosy and
confinement due to leprosy show high association with Hepatitis C in Southern
Brazil. Acta Tropica 97: 88–93.
HCV in Guinea-Bissau
PLoS ONE | www.plosone.org 6 April 2007 | Issue 4 | e372